INTRODUCTION
An overview of the tracking system concept is illustrated in Figure 1 . It shows the main components of the tracking system and its sub-systems, it also illustrates how data is routed across the GSM network between a Mobile Unit and the Base Station (BS).
In developing the PCU, we have merged two exciting technologies -Global Positioning System (GPS) and Global
System of Mobile Communication (GSM). A GPS receiver
is used to get accurate data on the location of the PCU and the GSM cellular network is used to send the tracking information to a remote central location for monitoring to a dedicated PC with a street mapping software.
GPS DATA AND SMS SYSTEM
The tracking information used at the base station includes: longitude, latitude, altitude speed, direction and time. This information is taken from the GPS receiver. As the messages are received from the receiver they are buffered and the information is extracted and used to create a new message. This new message has to have a maximum size that is less than 160 characters. According to the SMS standard short messages are restricted to sending a maximum of 160 7-bit characters or 140 8-bit characters [5] .
The Short Message Service is not the only service used to communicate between the Mobile Unit and the Base Station. We will, however, be focusing mainly on it since it has been a major influence on the design of the PCU. The PCU can be configured to use the CSD (circuit switched data) bearer as well. Although this service does not impose a limitation on the quantity of data that can be sent, it is usually more expensive than the SMS which can adequately handle the amount of information that is being sent. This section will describe the GSM Short Message Service as it pertains to the tracking system. The SMS is a store and forward service in which all messages are first routed through the SMS Center (SMSC) to the destination Short Message Entity (SME). The SMSC ensures that messages are delivered, even if the destination SME was off at the However, this store and forward mechanism as ruled out any real time operation that involves using the unit in SMS Mode. Unlike CSD, no connection is set up between the source and destination when sending a Short Message; therefore the luxury of sending and receiving data in real time across a connection does not exist. The service (SMS) is however still bidirectional where a sender can send a short message (SM) and a recipient up on receiving the message can send a second SM in response. The SMS uses the network signaling path and not the channels used by voice or data connections the Mobile Equipments (ME). Therefore user can receive and send Short Messages while a voice or data connection is in progress. This means that at the mobile unit end of the system the ME can be used both as the cellular modem for communicating with the BS (Base Station) and as a normal cell phone for voice calls. An important characteristic of GSM SMS is that it can be configured and controlled using a set of AT commands from a remote terminal. There are two common modes that can be used to control the modem: AT-command base text mode and AT-command base PDU mode [ 5 ] . Both of these modes have there advantages and disadvantages which were taken into consideration during the development of the unit.
SMS TEXT MODE
made to send this character, it would generate an error instead of using an 8-bit user data encoding scheme. The
Text mode is simpler than PDU mode. Messages are sent using a predefined character set. An example is the GSM 7-bit default character set (GSM 03.38) [4] . Each short message entity (SME) sending a message must support the same character set as the receiving SME to ensure that reliable transfer of data occur in text mode. This might seem to imply that errors have been introduced into the system but that is not quite the case. The AT command AT+CSCS is used to select the terminal equipment (TE) character set [2] . Any serial device that communicates with the modem through its serial port can be considered as terminal equipment. For example the microcontroller based Preprocessing Unit is the TE in the PCU design (see Mobile Unit subsection in Figure 1 ). The TE character set (which can be selected using the AT+CSCS command) is converted to the ME character set before the message is sent. If at the receiving end, the ME character set is different from that of the TE character set then characters can change when the modem translate the characters from the ME character set to TE character set.
Text mode usually uses 7-bit characters stored in bytes; therefore the eighth bit is always clear. This means that not all data generated can be sent using text mode. If, for example, the data is encrypted or some sort of checksum calculation was done by the system; any value generated that is greater than Ox7F could not be sent. If an attempt is encoding used in the example is quite simple, each octet in the User Data UD field hexadecimal value maps to the corresponding character in the ASCI character set. Although text mode is simple to understand and use, it has limitations. With these limitations it is not suitable for use with the PCU. It was however used during the initial stages of development to illustrating functionality of specific concepts and while developing the basic software blocks of the PCU. An example of sending a message using text mode is given below.
(
Step 1 ) AT+CMGF=l (
Step 2 )AT+CMGS=3836399<CR>
(Step 3) Testing 123<CTRL-Z> First command is used to select SMS Text Mode. The second command takes the destination phone number as an argument followed by a carriage return this is followed by
Step 3 in which the actual message is sent. The message sent is "Testing 123" and is terminated by Ctrl Z; this is used to send the message
SMS PDU MODE
In PDU mode all the data including header information is sent as packets of binary data. This binary data is composed only of hexadecimal digits in the set:
information. This mode is more supported than the less complicated text mode on mobile devices. Unlike text mode, there are no restrictions imposed on the data that can be sent by any particular character set. This is because the data is in binary format which is independent of any character set. It is therefore possible to incorporate cryptography in the data before it is sent as a SMS message. One of the main advantages of the PDU mode is that it allows total control of the information sent; this is desired within the PCU therefore all messages are sent and received using PDU mode. An example of sending a SM in PDU mode is given below.
AT+CMGF=O ; Set modem to PDU mode.
<CTRL-Z> The above command is used to send the message "Testing 123" to a SME with phone number 18764261648. The PDU string does not only contain the data ffom the message but ; Ctrl-Z is used to send the SM
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3 o f 9 also additional header information. A complete description of the PDU is given in the table below.
SMS COMMUNICATION
The model shown in Figure 2 Base Station Originated type messages are sent as a result of an operator sending a data request to the PCU for the information on the state of the asset. Messages are also sent by an operator in order to change settings on the PCU.
SIM MEMORY AND MESSAGE STORAGE
When a GSM modem receives an SM it is normally stored in the SIM memory or permanent memory within the modem. The SIM memory has a limited number of readwrite cycles. Therefore, if we were to perform a write, read, erase for every message received, a situation could occur where the life of the SIM cards used in the system could be significantly reduced. In order to prevent this, the modem is configured to receive Short Messages without involving the use of the SIM memory where possible. Instead of storing received messages in the SIM or in some other memory on the modem the messages are routed directly to the TE as they are received. This was done using the set of AT-commands below. This sequence of commands is used as part of the modem's initialization string. 
-
New messages are routed to TE except class 2 messages. With the following parameters set to the values shown above when a message is received, it is routed directly to the terminal equipment (as long as the DTR signal is set). If Phase 2 compatibility is enabled (AT+CSMS = 1) the received message will have to be acknowledged by the Terminal Equipment. This is done using the Acknowledge New Message command AT+CNMA. When a new message is received the acknowledgement is sent to the modem. If this acknowledgment is not sent before a timeout occurs the modem sends a RP-ERROR to the (GSM) network The result code fiom the modem is showing that no "New Message Indication" will be routed to the TE.
If Phase 2 compatibility is not enabled (that is AT+CSMS =O) no acknowledgment is required; more information can be found in subsection 3.3 of [5].
The diagram in Figure 3 shows the flow sequence on how the PCU get Short Messages routed to the TE without involving SIM memory when Phase 2 message service is enabled.
Some modems do not support automatic routing of received short messages to the TE using Phase 2 message service. In these cases the diagram in Figure 3 is not applicable. A more complex algorithm is requires in order to receive the messages without involving the SIM memory. There are some modems that only support direct routing when Phase 2+ message service is selected. This means that all messages received from these devices have to be acknowledged by the T E upon reception. The phase 2 modems should work with the algorithm in Figure 3 if they allow direct routing to the TD. However, these differences between devices make developing a s o h a r e application that is universally compatible with all GSM cellular modems very difficult.
The diagram in Figure 4 shows how the PCU controls its modem if the modem it is using only supports direct routing to the TE when the phase 2+ message format is enabled.
The PCU can not ensure that a "New Message Indication" (that is the unsolicited result code fiom the AT+CNMI command) is always received or detected. There the PCU can fail to acknowledge a received SM resulting in changes to the modem configurations to a state where no form of 'new message received' message indication is routed to the TE. This means that the TE would have the added responsibility of having to quarry the modem for the "New Message Indication" settings every time it checks if a new message is received. If this is done, then our initial goal to minimize read-write access of the SIM memory would be defeated; except in this case the mobile unit would be over accessing the modem memory and not the SIM. Therefore, we chose the method illustrated in Figure 4 , it involves the use the SIM memory as a temporary storage area unlike the solution in Figure 3 . 
NEMA GPS MESSAGES
The data that is sent in the SM is derived fiom several messages received from the GPS receiver as well as specific information stored in the memory of the PCU for uniquely identifiing the unit within the tracking system. The GPS receiver on the PCU, outputs data messages at a rate of one message per second. The unit uses National Marine Electronics Association (NMEA) 0 183 standard messages; it receives the messages at a baud rate of 9600 bps from the receiver. The NMEA sentences that are used by the unit are: GGA, VTG and RMC.
GGA -Global Positioning System Fix Data.
VTG -Tracking Made Good and Ground Speed.
RMC -Recommended Minimum Specific GPS Data.
The NMEA messages contain fields of data delimited by commas, each messages has a unique header and is terminated with the character sequence <CR><LF> [6] .
The GGA message for example has "$GPGGA" as its header. This is followed by a comma ',' and first data field-UTC of position as shown in the example below. 
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The Processing Unit of the PCU takes the data received from the GPS receiver, and buffers it. The fields with the data we are interested in are copied onto a new message that is being constructed as the data is received through the port.
It is this new message that is sent as a Short Message to the base station. Before the message is sent it is possible to include some sort of encoding for added security. Presently the PCU does not use any form of cryptography, it relies on the security of the GSM network. 
PCU PREPROCESSING UNIT
data from the GPS receiver and extracts the information that is of importance for our tracking application. The The Preprocessing Unit controls all operations of the P c u .
preprocessing unit has two serial ports, one for It is responsible for initializing and configuring the GSM communicating with the Gps receiver and the other for the modem. It is also the Preprocessing Unit that collects the modem.
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The modem usually requires a Personal Identity Number (PIN) on each power-up. This is supplied by the processing unit. The unit is also responsible ensuring that the modem is registered into the GSM network and is functioning properly. If the modem is not registered, the control unit will enter a Fault Mode until the network is available. Of course without access to the network the PCU can not send or receive data from the base station.
Initialization-After Ensuring that the modem is operating properly the control unit sends a string of AT Commands collectively called an Initialization String to the modem. The Initialization String is responsible for all the settings necessary for the proper operation of the PCU. With proper initialization the short messages received by the modem are routed directly to the buffers of the control unit where they are processed.
Processor-A Microchip PIC 16F876 microcontroller was used to design this part of the PCU. This is an 8-bit microcontroller with a single serial port; therefore a multiplexer had to be used to provide a virtual two port arrangement. The situation of multiplexing between the modem and the GPS receive is simplified by the fact that data is only needed fiom the GPS when a report is about to be sent to the base station. Figure 5 illustrates the basic block diagram of the Preprocessing Unit and how it interfaces with the modem and GPS receiver.
Control Lines
Microcontroller A -A request for this fiom the Base Station. B -There is a timer timeout. C -A Status Report event is triggered.
The Preprocessing Unit has an independent timer module that is capable of initiating a report when the timer expires. The timer can be enabled and disabled form the remote Base Station or via Serial Port A of the PCU. A status report event is initiated when the status report button is pressed by a user at the Mobile Unit end of the system. This leads to a location information report (LIR) being sent to the base station. The Mobile Unit is almost completely confgurable fi-om the BS. An operator at the Base Station can remotely enable or disable the timer and set the time period between successive timeouts. The operator can also request tracking information fi-om the PCU.
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CONCLUSION
The GPS SMS communication channel was developed as a part of low cost microtracking system for the Jamaican environment. Two prototypes of Mobile Unit were build. The system is under field test. using a GSM SMS cellular network in Jamaica. Based station is equipped with a moving road map s o h a r e using TCPm software interface developed at our department. As an expansion of the project we are proposing further work and seeking financial support for a "GPS Jamaican Integrated Network' which will include AVL, marine and personal tracking system with an addition of satellite and an aerial images. An error reduction method and a location server will be part of the project . The SCA which is in decimal semi-octet format 18763800 154. First Octet of SMS-Submit.
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Message Reference.
Number of digits in phone number.
TOA for the destination phone number.
The Destination Address field is in semi-octet format.
The destination phone No. is 18764261648.
Protocol ID (PID)
Data Coding Scheme (DCS) a value of 02 for this field means 8-bit user data coding is being used. 00 is GSM 7- This field is the User Data UD. In this case the encoding is simple; each octet represents the hexadecimal value for a corresponding ASCI character. The data encoded in the message is "Testing 123"
